Abstract: West Africa is a very vulnerable part of the world to the impacts of climate change due to a combination of exposure and low adaptive capacity. Climate change has induced an increase in rainfall variability which in turn has affected the availability of water resources, ecosystem services and agricultural production. To adapt to the increased aridity, farmers have used indigenous and modern coping strategies such as soil and water conservation techniques, the use of droughttolerant crops and varieties, crop diversification, etc., and lately, climate information services (CIS). The latter, according to the discourses, has positively contributed to suitable decision-making in terms of farming, pastoral and fishing management systems. However, the scientific documentation of the engagement approaches, the uptake of the CIS and the ways the delivered information is being used, as well as feedback from the users, is lacking. Additionally, in most of the cases where CIS are introduced, the disconnect between the users and producers of the CIS seems to undercut large-scale uptake. The objective of this paper is to examine the approach used to involve stakeholders in the CIS uptake process in Senegal. We analyzed the experiences and lessons learnt in the country where various CIS products were introduced using participatory methods (stakeholder consultations, interviews, field demonstrations, training workshops, etc.) and innovative stressors (SMS, voice messages, radios, mobile applications, etc.) to effectively involve producers, technicians and policy-makers. Results showed that 16 relevant CIS have been produced out of 27 identified by the various users; 11 CIS diffusion channels have been developed out of 13 requested; 27 climate advisory bodies (MWGs) have been created in 27 districts out of 30 districts in the study zone; about 6800 users have been trained directly and indirectly to effectively use CIS and about 8500 people are receiving CIS via SMS, voice messaging and emails. The opportunities for CIS uptake as well as the challenges that may impede the long-term sustainability of CIS upscaling in the country are highlighted. Recommendations that will improve and sustain the governance system of CIS in Senegal and the rest of West Africa include the involvement of private sectors in the chain of production, delivery and training, and the inciting of producers to largely subscribe to the weather-based index insurance.
Introduction
Recent studies have disclosed that West Africa (WA) is a very vulnerable part of the world to the impacts of climate change due to a combination of exposure and low adaptive capacity [1] [2] [3] . In both the low-emission scenario (representing a 2 °C world increase) and the high-emission scenario (representing a 4 °C world increase), West African temperatures will increase to about 1.5 °C by 2050 and 5 °C above the 1951-1980 baseline, respectively, and will remain at this level until the end of the century [3, 4] . This temperature increase will exacerbate the rainfall patterns, already characterized by a very high variability. This in turn will affect water resource availability, ecosystem services and agricultural production [5, 6] . The population of WA is expected to reach 600 million people in 2050 [7] . Currently, the agricultural sector in WA employs 60% of the active labor force but accounts only for 35% of WA's gross domestic product (GDP) [4] . Actual crop yield achieved remains below the potential, with inadequate water and nutrients being the major limiting factors [3, 8] . Agricultural production in this part of the world is particularly affected by the effects of climate change, with rainfed agriculture accounting for approximately 96 % of overall crop production [6] .
To adapt to the increased aridity in West Africa, farmers have used indigenous and modern coping strategies. Examples of these techniques include soil and water conservation practices [9, 10] , agricultural water harvesting techniques [11] [12] [13] [14] and, very recently, climate information services or early warning systems [15] [16] [17] . The introduction of weather forecasting systems for risk management in agricultural practices sounds relevant as it provides timely weather information, helping producers to take appropriate decisions [17] . Here again, WA is a region where accurate climate projections are limited due to multiple factors such as poor observational records, high inter-annual climate variability and a low level of investment in climate science [16, 18] . Following the recognition of the importance of climate information to address climate-resilient development issues, there is a growing interest in building the national level capacity for climate information provision, delivery and efficient uses [19] [20] [21] . The climate information service is concerned with the timely provision of tailored climate-related knowledge and information that can be used to reduce losses and enhance profits. However, knowledge of suitable approaches used to effectively engage people on the identification of the needs and use of CIS and products, the level of uptake by users and on how the information delivered is being used, as well as the feedbacks and demands from users in terms of type and time-frame, is scarce. Moreover, in most of the cases where CIS is introduced, the disconnect between users and producers of the CIS has undercut large-scale uptake [17, 22, 23] .
In Senegal, for instance, various adaptation techniques are being used such as drought-resistant crop varieties, soil and water conservation techniques, traditional pruning and fertilizing techniques, different planting dates [24] , agroforestry and assisted natural regeneration system [25] . More recently, important investments have been deployed to enable the national body in charge of meteorological data management to produce and disseminate required climate information services and to train users to understand and efficiently integrate CIS into their management systems [26] . Beneficiaries of the CIS are farming, pastoralist and fishing communities which are affected by the decreasing rainfall distribution in space and time, the shrinking rainy season and recurrent occurrence of climate extreme events. The objective of this paper is to analyze approaches used to engage producers in the uptake of CIS in Senegal. Three specific research questions are examined in this paper: (i) What specific climate information and diffusion channels are required by the various stakeholders? (ii) What is the evidence that support the effective use of CIS by beneficiaries? (iii) What are the challenges and opportunities for a large-scale adoption of CIS use in Senegal?
Materials and Methods

Characteristics of the Study Zone
The study was conducted in Senegal, in 30 districts within 12 regions with high agricultural and pastoral potentialities and coastal regions with high artisanal fishery activities (Figure 1 ). Agricultural and livestock production are the main economic activities in Senegal, representing 17.5% of the gross domestic product (GDP) and employing 69% of the population [27] . The agricultural sector is characterized by a combination of poor soil and weather conditions, a lack of infrastructure and access to quality seeds and fertilizer that have left the sector underdeveloped and unable to meet the food requirements of the 15 million people [28] . As a result, the country heavily relies on food imports, especially rice, which is the population's main staple crop. The imported rice accounts for 65% of the national consumption [29] . The sector, however, has the potential to grow and feed the population provided due attention is paid to agricultural input facilities such as fertilizers, improved crop varieties, credit, equipment, climate information services and relevant agro-meteorological advisories. Rainfall is the key factor that determines agriculture production as less than 5% of land cultivated is under irrigation [28] . The agricultural economy is characterized by the dominance of smallholder farmers cultivating millet, sorghum, maize and rice for subsistence purposes.
The number of artisanal fishermen in the country has increased from 126,800 in 1980 to 181,200 in 2014 and to nearly 200,000 in 2017 [30] . This boom has raised the challenges in the sector, notably the scarcity of the fish resources, forcing fishermen to travel long distances across the sea for several days and, more often, to illegally fish in foreign territorial waters in The Gambia, Guinea, and Mauritania. With the increase in extreme weather events (frequent high tides and swells, decreased visibility) due to climate change, many fishermen are reported dead every year. The statistics from the office of the fisheries protection and monitoring (DPSP) reveal that in 2013, 19 fishermen died at sea and 70 disappeared; in 2014, 22 died and 94 disappeared, and in 2015, 23 fishermen died and 73 disappeared. These unfortunate cases have called for the introduction of climate information services in the fisheries sector to prevent the artisanal fishing communities from being affected by climate hazards while at sea. 
Methodological Approach
Needs Assessments and End-User Engagement
The need assessment for relevant CIS and CIS dissemination channels was done in April 2016 through a three-day stakeholder consultation workshop gathering 75 people and interviews with 25 key resources persons. The purpose of the stakeholder consultation was to give to the various categories of stakeholders the opportunity to think about what climate information would be useful to inform the decision-making for their activities. Participants included people from different backgrounds, institutions and localities such as lead farmers, pastoralists, fishermen, technicians from the ministries of relevance (agriculture, animal husbandry, fisheries), experts from the meteorological office and from relevant non-governmental organization and technicians from communication services (community radios, televisions, phone companies, etc.). Participants were split into three groups, the first focused on agriculture, the second on the livestock sector and the third on the fisheries sector. Each group was asked to identify what climate information could usefully contribute to more robust planning and decision-making in the context of climate variability and change, and thus to produce a list of information needed and to identify relevant diffusion channels that enable timely access to CIS by users. The spatial and temporal resolution of each identified CIS as well as the coverage scale of the diffusion channels, the strengths and weaknesses of the identified CIS and channel were examined. The interviews concerned key respondents such as technicians in charge of climate data management and CIS production, experts from the crop production, livestock, and fisheries sub-sectors; directors of the community radios and experts from the mobile phone companies to find out the relevance and the feasibility of the CIS and communication channels been identified.
Three different tools were used to stimulate the engagement of the producers and the local authorities in the adoption of CIS: (1) the creation of 27 multi-disciplinary working groups (MWGs); (2) 27 participatory training workshops with the producers; and (3) the implementation of the field demonstration with controlled CIS use by 62 lead-farmers.
The multi-disciplinary working group (MWG) was an initiative of the Agro-Hydro-Meteorology (Agrhymet for the Sahel) national committee and constitutes a decisive and inclusive tool for CIS development, diffusion and uptake at the district scale. Members of MWGs include all relevant state extension technical services and relevant local organizations within the districts. The mission of the MWG is to ensure the close monitoring of the climate phenomena and to alert timely, competent structures in order to prevent potential risks. Services in charge of water resources, agriculture, forestry, the medias and the producers' organizations are involved in the MWGs' activities and meetings. They receive meteorological information such as the seasonal, weekly and instant forecasts from the meteorological office and tailor the information using the updates from the actual ground reality with regards to the areas of competency of each participating service. They meet three times a month during the cropping season to discuss and take action for better planning of the farming activities within the district for the next 10-day period. Each MWG should have a legal status and be led by the Prefect of the district.
The participative training workshop approach was initiated during the study period. It was used to train the lead-farmers in order to break the gap between the CIS producers and the users, to build trust for successful climate risk management and to optimize the efficiency of the uptake of the CIS being diffused. In the agricultural sector, the training modules consisted of climate change (adaptation and mitigation), the indigenous seasonal forecast, scientific seasonal forecast, the diffusion of CIS and the use and maintenance of manual rain gauges. With regards to the fisheries sector, the participative trainings cover sessions on security on sea (use of life jackets); climate system and climate change that govern the behavior of the oceans (tides, swell, visibility, etc.) and climate information services and its utilities for the security of fishermen at sea.
The field demonstration approach is an innovative, participatory and interactive learning approach that emphasizes problem-solving and discovery-based learning. The field demonstration was initiated during the study period and aims to build farmers' capacity to analyze their production systems, identify problems, test possible solutions, and eventually encourage the members of their communities to adopt the practices most suitable to their farming systems. For the present case, a selected 62 farmers had the opportunity to practice and test/evaluate sustainable farming technologies and introduce CIS by comparing their conventional technologies developed with their own tradition and culture. The field demonstration was facilitated by the extension staff and by the access to relevant CIS. The method emphasizes group observation, discussion, analysis, presentation, and collective decision-making and actions. The basic component of the field demonstration, similarly to the farmer field school approach, is setting up of a participatory comparative experiment (PCE), commonly referred to as participatory technology development (PTD), whereby the farmers put the concept into practice [31] .
Evaluation of CIS Uptake among Exposers
The evaluation of CIS use was done using three different methodological approaches: (1) interviews with selected farmers who had access to CIS; (2) evaluation workshops with the farmers; and (3) evaluation of the performance of the MWGs.
A semi-structured questionnaire was developed to collect data from farmers and fishermen who received CIS via SMS and voice messages between May and June 2017 (the beginning of the rainy season) and October-November 2017 (end of the rainy season). A total of 289 farmers and 257 fishermen were randomly selected in the database. The questionnaire was administered using phone calls. The purpose was to assess the decisions taken by the beneficiaries after the reception of the CIS and the level of satisfaction for their activities. CIS communicated to farmers were concerned with the seasonal forecast, the optimal sowing dates, the instant rainfall occurrence forecasts, heavy wind forecasts and the cessation dates of the rain. CIS diffused to fishermen communities were mostly about high swell events that usually cause damages to fishermen's life and fishing materials.
In addition, three workshops with the farmers were held in Ziguinchor, Sedhiou and Kolda in August 2017 to record interesting decisions that they have taken following the reception of the diffused CIS, and to evaluate the trainings they received prior to the start of the rainy season. This also offered a venue to retrieve constructive suggestions and options that would improve the trainings for the next coming years from them and, finally, to record interesting decisions that they have taken following the reception of the diffused CIS.
We assessed the performance of the MWGs through two major functions: the existence of a prefectural signed decree and the fulfillment of the decadal regular meetings during the rainy seasons. From the onset to the cessation times of the 2017 rainy season, all the meeting dates and reports of all created MWGs were recorded and examined at the end of the rainy season.
Results
CIS Needed vs CIS Produced
Relevant CIS identified per sector of activities by the participants during the stakeholder consultation and by the respondents of the interviews with key-resource people are presented in Table 1 . Various CIS have been identified by the stakeholders from the three sectors of interest. For the farming activities, 16 CIS believed to contribute to suitable decision-makings for improving crop productivity at the local and regional scales have been identified. The most important are the seasonal forecast, the onset and cessation dates, the optimal sowing dates, daily rainfall forecasts, the false starts, the cumulative rainfall and the dry and wet-spells. While most identified CIS are needed many times during the rainy season, the seasonal, onset and cessation dates forecasts are required once in a year prior to the beginning of the season. All CIS are required at a much-downscaled resolution.
In the livestock management sector, five CIS have been identified, of which the three most important are the fodder and water resource availability forecasts throughout the year and the potential lightning zones during the rainy season to help avoid risk hazards generally caused by the lightning, cited as important source of animal loss. Participants who focused on the fisheries sectors came out with six relevant CIS for the safety management of the sector: swell, tide and visibility forecasts, wind, lightning and sea surface temperature forecasts. All these CIS need to be produced and diffused daily for the different coastal areas. In response to these requests, 11 CIS of relevance for the farming activities and five CIS for the fisheries sector have been produced and diffused (Figure 2) . Five other CIS in the farming sector (optimal sowing date, moisture, evapotranspiration, insolation, on-farm forecasts) and one in the fisheries sector (potential lightning zones in the sea) remain to be produced. However, no CIS has been produced in the livestock breading sector. 
CIS Diffusion Channels vs Channels Developed
Following the request from the CIS users during the stakeholder consultation, different communication channels have been developed to diffuse CIS within and beyond the study zone. Table 2 shows the list of channels and highlights the categories of beneficiaries, the strengths and the weaknesses of each of the channels as analyzed by stakeholders. Eleven communication channels have been operationalized and two other channels, namely the digital communication screen and the unstructured supplementary service data (USSD) system, are still under development.
To date, there are 106 community radios that promptly diffuse CIS to the different communities, of which 50 are located in the study site. The technicians of the community radios have received due training to develop dedicated radio programs on CIS and to diffuse them in a time suitable to the producers and in local jargon. The community radios play three distinct roles for CIS use. In addition to diffusing CIS received from the CIS forecasting center, they also collect climate data through manual rain gauges provided by the CIS diffusion center. The rainfall data collected as well as the accrued data is frequently communicated to users.
About 962 leaders in the fisheries communities and 1829 lead-farmers are directly receiving CIS via the short messages service (SMS). These leaders have also the mandate to share the CIS they regularly receive with the members of their respective communities or groups. The voice messaging system was developed in 2017 to communicate CIS to farming and pastoralist communities, following the ascertainment that, in remote rural areas, most of the farmers are illiterate and cannot read and understand CIS via SMS. The voice messaging system diffuses CIS in local languages (mainly Wolof, spoken by all Senegalese). To date, the 1829 lead-farmers are receiving CIS from their mobile phones via both the SMS and the voice call platforms. An additional 5323 farmers have received CIS from the lead-farmers in the study site. The email platform is used to send climaterelated information (CIS, bulletins, etc.) to the officials (ministries), technicians of the public extension services and the community radios for a large diffusion to their constituencies. In total 308 individuals are regularly receiving relevant CIS through emails. 
MWGs Created vs MWGs' Functionality
As explained, the MWGs constitute a decisive and inclusive tool for CIS development, diffusion and uptake at the district scale in the sense that they have the mandate to ensure the close monitoring of the climate phenomena and to alert timely, competent structures in order to prevent potential risks in the agricultural sector. Figure 3 presents the location of the MWGs being created during the study period. In total, 27 MWGs have been created in 27 districts out of 30 districts in the study area. The performance evaluation of the created MWGs revealed that in 2017, 21 MWGs have held on average six meetings (Figure 4) . The most operational MWGs are those that had at least seven regular meetings. These are Bambey, Niakhar, Thies, Tivaoune, Kédougou, Saraya, Salemata, Podor, Kolda and Vélingara. They are followed by those that held between five and six regular meetings: Goudiry, Linguere, Kaffrine and Tambacounda. 
Magnitude of the Trainings on the Ground
In the farming sector, 27 trainings took place in 23 districts ( Figure 5 ). In total, 1439 people attended the trainings, of which 1124 were producers, 282 were technicians and 32 from the media (radios and written press). In addition to those who directly benefited from the training, 5323 other people have been trained by the lead-farmers who had the first and direct trainings. Among the beneficiaries of the trainings, 16% are women. For farmers to gain the full benefit of the training, they should be trained prior to the onset of the rainy season. In so doing, they have time to prepare themselves in advance to face the upcoming rainy season and also to share the knowledge and skills they got with the members of their groups or communities. The trainings were planned following the south to north progress of the onset of the raining season ( Figure 5 ). Unfortunately, due to poor planning, some districts in the south, namely Ziguinchor, Bignona, Boukling and Sedhiou received the training in the middle of the rainy season ( Figure 5 ). However, these trainings are still useful, as the skills built will serve for the coming farming periods.
The trainings in the fisheries sector targeted the leaders of the local artisanal fishers' council (CLPA). Lead-members from ten CLPAs in five different districts-Bignona,Oussouye and Ziguinchor in the Region of Ziguinchor, and Fatick and Foundiougne in the Region of Fatick (out of 40 CLPAs)-benefited from trainings on security at sea. In total, 439 people attended the trainings, from which 369 were fishermen, 63 were technicians and 12 were journalists (Table 3) . Among the fishermen being trained, 4% only were female.
During the different trainings (farmers and fishermen), the phone numbers of the participants and their relevant profile information were recorded to supply the database of the SMS and voice call platforms. 
CIS Uptake on the Ground
The evaluation of decisions taken after the reception of CIS at the beginning of the rainy season is shown in Figure 6 . Out of 289 surveyed people, 78% of the respondents have used the diffused CIS to guide their decision-making at the beginning of the rainy season. The decisions taken are related to the choice of croplands, crop varieties, sowing, ploughing and fertilizer spreading dates. About 43% decided to plow their field at a specific date, 34% to sow and 10% to choose adapted varieties. The results also indicated that 94% of the respondents have shared the information or knowledge they have gained during the training with their parents, friends and members of their organizations, of which 11% are women. During the workshop, a farmer from Kolda testified: "I received a message on August 18th indicating that a rain was expected to occur the following day. I have therefore decided to postpone the spread of the fertilizer to avoid losses". Furthermore, a technician from the agricultural extension service in Kolda attested:
"After being informed that a rain will occur the following day, a farmer under my supervision did not trust the forecast and went to his cropland and spread 2000 kg of NPK. A 90 mm rain occurred in the following day and he totally lost his fertilizer. From this date, he keeps on paying attention to the forecasts before any action could be taken".
At the end of the rainy season, the evaluation has revealed that 95.7% of the respondent farmers were very satisfied with the decision that they have taken following the reception of the CIS and 78.4% have certified that their crop yield has been substantially improved. In the fisheries sector, the evaluation showed that about 45% of the respondents decided to postpone their activities on the sea after they received the warning; 15% decided to go to sea while using their life jacket, less than 1% took the risk to go to sea without security measures and the rest carried on other activities while waiting for the safe fishing periods to come. Among those who took the decision to avoid the risk, 89% are confident that they have taken a good decision to save their life, although this decision has negatively impacted their household income. The evaluation workshops had given opportunities to farmers who attended the training sessions to express the practical use of the skills they gained, to show the utility of the CIS on the ground, and to make suggestions which they believe could enhance the benefit of the trainings. The lead-farmers perceive the utility of the CIS and are advocating for the wider uptake of the CIS among the other farmers in their respective communities. For instance, participants believe that the outcomes of the trainings will be more valuable if the next training sessions could take into consideration the following recommendations: extending the trainings to two days, the first day on the theoretical aspects and the second day on the practical aspects; delivering the trainings at least one month prior to the start of the rainy season; producing info-graphic manuals for the trainings to be shared to the participants; distributing the seasonal forecast well in advance, at least one month before the onset of the season.
The 62 randomly-selected lead-farmers were trained to understand the principles of the field demonstration. They have received agricultural inputs including improved crop varieties (rice, maize and millet) and fertilizers prior to the onset of the rainy season to be used in their selected one-hectare plot. They have also received the 2017 seasonal forecast which predicted that the season will be humid (rainfall above average). This forecast permitted them to identify suitable cropping plots and crop varieties following the recommendation from the agricultural extension services. During the course of the rainy season, the lead-farmers received relevant and timely instant and weekly rain, temperature and wind forecasts. A field demonstration design was produced for the farmers to apply in their plot and a monitoring form of the field demonstration was distributed and regularly filled by the extension staff. Different meetings with involved stakeholders (extensionists, selected farmers and non-selected farmers) were held, during which individual beneficiaries of the field demonstration shared their experiences and lessons learnt and raised issues they encountered.
Difficulties Encountered
Five major constraints have been met during the study period which, if not solved, could undermine the effectiveness of the uptake of CIS. The first has to do with the funding sources for CIS delivery. From the production to the diffusion through the training of the users to understand and strongly use the CIS, there is a huge cost associated that goes beyond the financial capacity of a national meteorological office. During the evaluations, the CIS end-users have mentioned the fact that the trainings did not happen at time suitable for them to gain the full benefit of it. The number of technicians being very limited, some trainings were delivered at periods during which the farmers had started their farming activities. In addition, some CIS were diffused with delay or at a time when it was difficult for the users to take appropriate actions. Preferably, the users request the CIS to be diffused two to three days before the actual occurrence of the event. Despite the efforts made to produce the relevant CIS for the livestock sector, none has been produced. This is due to the complexity of these CIS, which require competences from multiple backgrounds. Finally, although the engagement of the authorities is effective at the district level, this is not yet the case for the policymakers at the national level.
Discussion
Participatory Training as Way to Building Trust with the CIS Users
According to Vincent et al. [16] , the importance of climate service, i.e., the provision of targeted, tailored and timely weather and climate information, has gained momentum, but it requires a proper understanding of the users' needs. For Lemos et al. [23] and Singh et al. [22] , the disconnection between producers and users of climate information is one of the key barriers limiting the uptake of climate information in Africa. Furthermore, Singh et al. [17] , Eisenack et al. [32] and Rose [33] argued that, in WA, most CIS initiatives failed because the information produced and disseminated is often ill-suited to inform decision-making at the local scale, particularly for farmers, pastoralists and subnational governments. The case of Senegal has well taken into account initiatives to narrow the abovecited obstacles by promoting inclusive trainings with the users and involvement of the local authorities. The trainings are crucial not only to build the readiness of the farmers to face the adverse effects of climate change, but also to build the confidence between them and the CIS producers, between the indigenous and scientific weather forecasting systems, and to build their capacity to understand, receive and effectively use the CIS as important agricultural inputs. Along the training sessions, the trainers took the time to listen to the farmers and to understand the facets of their traditional knowledge that might be climate related. Farmers were welcomed as keepers of knowledge passed on from generation to generation and were invited as experts to share their indigenous climate knowledge. The philosophy behind this lies in the fact that scientists would lose credibility if farmers were to think that scientists believe that their elders were wrong and only scientists were right, as supported by Kniveton et al. [34] and Martińez et al. [35] . After listening to farmers, the trainers established the relationships between the two types of knowledge (traditional and scientific) to make farmers confident that their indigenous skills regarding climate change and forecasts are effective. The difference is that the traditional ones are locally grounded while the scientific ones refer to processed data and evidence-based knowledge about the atmosphere-ocean system across short and long time scales [34] . The next step was to explain with easy words and graphics the probabilistic aspect of the weather forecast, to ensure the farmers that the CIS they will receive will have a certain level of uncertainty.
Building the Policy Enabling Environment
Studies have revealed that one of the limitations that currently impedes the incorporation of climate and weather information into national policy planning and decision-making in WA is the lack of involvement of the local, regional and national levels decision-makers in the climate information governance system [16, 23, 33, 36, 37] . To incentivize the policy implication in the adoption of the CIS as an important input for the farming, pastoralist and fishery activities in Senegal, the local (Prefects), regional (Governors) and the national (ministries in charge of agriculture, fisheries and livestock management) stakeholders are being involved at all stages of the process. The creation and functionality of the MWGs are, for instance, under the leadership of the Prefects and the prefectural by-laws (decrees) signed during the creation of each MWG are a sign of engagement and commitment of the local authorities to encourage producers to adopt the innovative climate risk management options. The Prefects are respected authorities by communities in the districts under decentralization. Once they are involved in a process of the introduction of new technology, the uptake of this technology by the communities becomes effortless. In fact, the Prefects play the role of "drive belts" between the communities and the Governors of Regions. Therefore, any action they take is conformed to the wellbeing of the communities and to the development plans at the regional level. In general, during the training workshops, the Prefects open the ceremony with a speech, play the role of chairman and close the ceremony while providing an action forward. This implies that for any innovative practice such as the introduction of climate risk management technologies to be effective in African countries, a bottom-up approach, involving the end-users and the next-users (policymakers) is a prerequisite.
Challenges and Opportunities of CIS Upscaling
Similar to countries such as India and Malawi where weather information is used, Senegal is facing multiple challenges which, if unchecked, could undermine the long-term sustainability of delivery and uptake of CIS. The common issues encountered are: (i) the production of information is not locally relevant, fit-for purpose and available in a timely manner [17, 38, 39] ; (ii) the non-existence of appropriate governance and institutional structures for the provision of climate information [19] ; (iii) there is not enough emphasis on socio-economic value in the uptake of climate information provided and subsequent decision-making [40] ; and (iv) the lack of appropriate boundary organizations to effectively communicate between information providers and users. There are additional major challenges that are specific to the case of Senegal and these have to do with the funding sources, the production of missing but awaited CIS and the timely implementation of the training on the ground. From the production to the use of CIS on the ground through the diffusion and the functionality of the MWGs, there is a huge associated cost. A sustainable large-scale adoption of CIS use requires sustained financial resources. The overall requested CIS by the pastoralist communities is yet to be produced. This requires an inter-disciplinary work with experts in ecology, biology, pastoralism, geography, climatology, hydrology, etc. and the use of adequate tools and approaches such as remote sensing and geographical information systems (GIS). The training workshops for the end-users of CIS are delivered by the national institution in charge of the meteorological services. The limited number of technicians and the administrative burdens are limiting factors to the timely implementation of the training. It is becoming more and more evident that, to ensure the timely delivery of the training on the ground, the involvement of the private sectors in the system to compensate the limiting number of technicians from the national meteorological office is essential.
Despite these challenges, there are exciting opportunities that augur positive movement. In spite of the recent introduction of the use of the CIS, there has been a move towards a greater uptake of climate information services on shorter time scales, for example, in the agricultural sector, where farmers have taken interesting decisions following the reception of the CIS, and in the fisheries sector where fishermen always postpone journeys to the sea upon reception of information predicting the occurrence of high tides or swells. This has been made possible by dint of the use of the innovative communication channels for a widespread uptake. With the recently operationalized Enhancing National Climate Services initiative (ENACTS) in Senegal, that makes use of downscaled climate data (4.5 km resolution) throughout the country, it is expected that local-scale CIS will be produced and communicated to the users. Finally, with the increased interest given to the weather-based index insurance in Senegal for agriculture, fisheries and pastoralism, we believe that the exit strategy for the sustainability of CIS upscaling resides in including the cost for the CIS production and delivery in the insurance subscription package. To this end, a cost-benefit analysis for CIS use and a willingness-to-pay for CIS delivery studies should be performed.
Conclusions
This paper clearly indicates that, for any new technology to be successfully introduced in rural communities, a bottom-up approach combined with policy-maker involvement at local, regional and national levels is required. The use of participatory methods and the inclusion of indigenous knowledge from the identification of the relevant CIS and communication channels to the training of the users to understand and effectively use the CIS for their production practices has built a mutual trust between the CIS users and providers and enabled the widespread adoption of the technology. This has also enabled the strong engagement of the local, regional and national authorities, thus creating a political enabling environment for the sustainability of the use of CIS. Some challenges do exist and are concerned with the lack of permanent funding sources, the production of downscaled and missing CIS and the timely delivery of CIS and relevant training on the ground.
The Senegal case is an experience that will enrich the documentation on the production and dissemination of CIS, and this will definitely benefit the whole WA sub-region. Recommendations that could contribute to sustaining the system include (1) building a robust database that will include the contact information of the maximum number of producers for them to receive the first hand CIS via their mobile phones; (ii) improving the CIS diffusion system via the community radios (much cheaper) by identifying suitable timing and frequency for users; (iii) involving private sectors in the delivery process of CIS and relevant training on the ground to avoid the limiting number of staff in the public office that creates delays in the delivery of the trainings; and (iv) advocating for a large subscription of the producers to the insurance system so that the costs of CIS production and diffusion/trainings could be incorporated into the primes the producers will pay for.
